Background: Cervical osteomyelitis accounts for only 3e11% of all cases of spinal osteomyelitis, and the diagnosis may be delayed. The characteristics of different pathogens causing cervical osteomyelitis are not fully understood, and there are few established guidelines for treatment. Methods: The cases of six patients who presented with primary cervical osteomyelitis in the orthopedic department between January 2002 and March 2012 were retrospectively reviewed. All patients had been treated with anterior decompression, instrumentation, and autograft fusion. Data about preoperative and postoperative symptoms, neurological function, pain, C-reactive protein (CRP) levels, and the results of plain film and magnetic resonance imaging were reviewed. Results: Intraoperative cultures revealed Staphylococcus aureus in three patients, Propionibacterium acnes in two, and Mycobacterium tuberculosis in one. The mean duration between symptoms and diagnosis was 7.2 weeks (range, 3e12 weeks). Three patients with S. aureus infections had relatively higher preoperative CRP levels (mean, 173 mg/L) than did the patients with P. acnes infections or tuberculosis (mean, 5.5 mg/L). However, bony destruction was less severe in patients with S. aureus infections than in those patients with P. acnes and tuberculosis. All CRP levels returned to normal in 12 weeks, and all six patients had a final stable cervical alignment and fusion. Ultimately, neurological function and pain score improved in all patients. Conclusion: Cervical osteomyelitis caused by S. aureus has an acute onset, higher CRP level, shorter duration from onset to diagnosis and thus causes less bony destruction. By contrast, cervical osteomyelitis caused by P. acnes and tuberculosis has an indolent course, a low or even normal CRP level, a longer duration from onset to diagnosis, and produces more severe bony destruction. Anterior decompression, instrumentation, and autograft fusion can be successfully used to treat primary cervical osteomyelitis. However, a mesh cage can also be a good alternative to an autograft.
Introduction
Cervical osteomyelitis, or infection of the osseous tissue and sometimes associated disc infection over the cervical spine, accounts for only 3e11% of cases of spinal osteomyelitis. 1e4 The interval between the onset of symptoms and diagnosis averages 14.4e17.9 weeks, or about 3e4 months. 2 Why is there such an extended delay? First, confirmed cases of cervical osteomyelitis are relatively rare. Second, because patients with cervical osteomyelitis are usually older, their pain is believed to be related to degeneration. Third, there is often an absence of common infection markers such as fever, elevation of white blood cells, or C-reactive protein (CRP) levels. An additional confounding factor is that spinal cord compression and neurological symptoms caused by epidural abscess frequently occur because the spinal canal is smaller in the cervical region than in the lumbar region.
Patients with cervical osteomyelitis may have neurological deficits reaching 60e100%. 1 It is not uncommon for the correct diagnosis to be made only after such neurological deficits occur. 1 Therefore, early diagnosis is crucial for early treatment or intervention, to prevent severe neurological compression.
Possible etiologies of cervical osteomyelitis include: trauma, 5 postoperative injury, extension of another paravertebral infectious condition, 6 and, most commonly, a hematogenous cause. 3 Bacterial and fungal infections, and tuberculosis are common pathogens. 7 Some have suggested that delaying antibiotic treatment until after bacterial cultures can promote an improved culture rate. However, a computed tomography-guided biopsy is often difficult to perform in the region of the cervical spine because of the risk of injury to nearby neurovascular structures. Therefore, it is essential to obtain intraoperative specimens.
The indications and goals of surgical treatment include: (1) obtaining a specimen of the lesion for pathogen culture and pathological examination; (2) successfully debriding the affected area; (3) achieving spinal cord decompression; (4) stabilizing the spine; and (5) reconstructing the bony defect. An anterior approach is most commonly used for debridement because the infection and compression occurred anteriorly. After debridement, an autograft, allograft, cage interbody fusion, and supplementary posterior instrumented fusion are used to repair the bony defect. However, there are still no established surgical guidelines for these repairs. 8 In this article we report our experience with a group of patients with primary cervical osteomyelitis, and the clinical results after treatment with anterior debridement, decompression, and autograft fusion.
Methods
A retrospective review of patient records showed that between January 2002 and March 2012, six patients with cervical osteomyelitis were treated with anterior debridement, decompression, and fusion with autologous bone grafts at Taipei Veterans General Hospital. The mean patient age was 73.7 years (range, 62e84 years), and the five males and one female had no prior history of cervical spine trauma, infection, or cervical spine surgery. One patient had undergone lumbar spine surgery 1 year prior to when cervical spine osteomyelitis was diagnosed. Two patients had a history of Parkinson's disease and were referred from the neurology department. One patient was initially admitted for treatment of septic arthritis of the shoulder but when pain persisted after shoulder debridement, cervical osteomyelitis was diagnosed. One patient was transferred from another hospital for surgical treatment after cervical myelitis was diagnosed.
All bacterial cultures were obtained from intraoperative specimens. All patients had plain film studies and magnetic resonance imaging of the cervical spine prior to surgery. According to the medical records, CRP levels and white blood cell counts were documented both preoperatively and postoperatively. After admission, patient CRP levels were routinely checked every week until the levels returned to normal; thereafter, the levels were rechecked in the outpatient department every month for 3 months. Plain X-ray follow-up of the cervical spine also occurred until solid union of the fusion was observed.
Neurological evaluation was documented with the Frankel system and the Office of Diversity and Inclusion scoring system. A visual analog scale system was used to evaluate subjective neck pain.
Surgical approach
We routinely utilized the left anterior lateral approach for surgical exposure. Using microscopic guidance, the infected vertebra and disc were carefully removed. The anterior longitudinal ligament was then opened for abscess drainage. After thorough debridement and irrigation of the infectious area, the size of the bony defect was measured.
Prior to bone-harvesting surgery, we changed surgical gloves and used a new sterile set of instruments for the subsequent procedures. All bone harvesting was done from the anterosuperior iliac spine. The donor site was closed immediately after bone harvesting, and fluoroscopy was used to confirm and adjust the position of the bone graft. One patient also received a titanium mesh cage filled with bone chips from corpectomy. The plate and screws were placed anteriorly for fixation, and the wound was sutured after placement of the drain.
Results
A total of 11 levels were treated: three C3-C4 levels, four C4-C5 levels, and four C5-C6 levels. The mean duration between the onset of symptoms and diagnosis of cervical osteomyelitis was 7.2 weeks (range, 3e12 weeks). The average preoperative CRP level was 89 mg/L (range, 3.4e260 mg/L). Although no patient developed fever prior to surgery, three had elevated preoperative CRP levels. The other three patients had relatively low preoperative CRP levels. All six patients underwent anterior debridement, decompression, autograft placement, and instrumented fusion with plate and screws. One patient required additional posterior decompression and fusion 2 months after the anterior surgery arising from poorer control of the infection during the initial period of treatment after surgery. He demonstrated residual neurologic symptoms, as well as neck pain and kyphotic change noted on radiography. Magnetic resonance imaging also showed an extension of the infection into the lower adjacent disk level, which caused progressive kyphosis and residual stenosis ( Table 1) .
The results of bacterial cultures of the intraoperative specimens revealed Staphyloccus aureus in three patients. Drug sensitivity tests showed that all were sensitive to oxacillin (Bactocill; GlaxoSmithKline, Philadelphia, PA, USA). Propionibacterium acnes was cultured in two other patients. The remaining patient's bacterial culture revealed tuberculosis.
For the three patients infected with S. aureus, oxacillin was given intravenously for a mean duration of 5 weeks (range, 3e8 weeks). One patient received oral cephalexin for 6 weeks, and two patients received oral amoxicillin/clavulanic acid (Augmentin; GlaxoSmithKline) for 4 weeks.
One patient infected with P. acnes was initially treated empirically with intravenous vancomycin (Vancocin; ViroPharma, Inc., Exton, PA, USA) for 2 weeks. The regimen was switched to oral Augmentin (GlaxoSmithKline) for 4 weeks immediately after the culture revealed P. acnes. A second patient infected with P. acnes was treated with intravenous ciprofloxacin (Ciproxin; Bayer AG, Pittsburgh, PA, USA) for 4 weeks, followed by oral Augmentin (GlaxoSmithKline) for 12 weeks. The patient with tuberculosis was treated with fourdrug antitubercular therapy (rifampicin, isoniazid, pyrazinamide, and ethambutol) for 9 months.
CRP levels were elevated postoperatively in all six patients, but returned to normal within 12 weeks (4 weeks in 1 patient and 6 weeks in another). Follow-up plain radiographs revealed a well-fused surgical site with stable alignment in all six patients. Solid fusion was observed in all six patients, which was confirmed with bridging-trabeculation between the bone graft or cage and the vertebral bodies (Figs. 1e3) .
The mean follow-up period was 46.7 months (range, 19e119 months). The visual analog scale score improved from a mean of 7.2 /10 (range, 6e8 on a scale of 10) preoperatively to a mean of 3.3 (range, 2e5) at the final follow-up. The mean Office of Diversity and Inclusion score was 28 (range, 19e38) preoperatively, and decreased to a mean of 16 (range, 8e32) by final follow-up. The Frankel score improved by an average of one grade.
Discussion
From 66e87% of cases of primary cervical osteomyelitis have been reported in males. 1, 2 In our study, 5 of 6 patients (83.3%) were males. Most cases are reported in patients 60d69 years of age 4 with a mean of 57e60 years. 2 The mean age of our patients was 73.6 years (range, 62e84 years).
Most cases of primary cervical osteomyelitis arise from hematogenous spread. 9 None of our patients had a history of cervical spine trauma or prior cervical surgery and thus were classified as having primary cervical osteomyelitis. Although shoulder septic arthritis was diagnosed in one patient prior to when cervical osteomyelitis was detected, the relationship between these two diagnoses remained undetermined. In the literature, we found one case where a patient had concomitant septic shoulder arthritis and cervical osteomyelitis. 1 The authors of that study suggested that increasing age is also a risk factor for septic arthritis of the shoulder. We believe that weakened immunity in these relatively older patients makes them more susceptible to hematogenous infection caused by microinfectious thrombus due to circulatory stasis.
S. aureus is the most common bacterial pathogen causing cervical osteomyelitis, and accounts for about half of nontuberculous infections. 1 Other common bacterial pathogens Table 1 Demographics and course of 6 patients with primary cervical osteomyelitis.
Patient Age (y) Gender Preoperative include Escherichia coli, Proteus, Klebsiella, and Enterobacter (7e33%), coagulase-negative Staphylococcus (5e16%), and Streptococcus (5e22%). 3 Anaerobic bacteria and Mycobacterium tuberculosis 7 can also cause cervical osteomyelitis. Less than 4% of these cases are caused by anaerobic bacteria, and P. acnes is the most common anaerobic pathogen. 3 In Taiwan, due to the relatively high prevalence of tuberculosis, tuberculosis should be included in the differential diagnosis of spinal osteomyelitis. 7 To the best of our knowledge, only four cases of nonesurgery-related primary cervical spine infection caused by P. acnes have been reported. 10, 11 The largest study, reported by Uçkay et al, 12 involved 29 patients with spinal osteomyelitis caused by P. acnes. In that study, 28 of 29 patients (97%) had previous spinal surgery, but not of the cervical spine. The authors suggested that P. acnes has a role in postoperative spinal osteomyelitis. Kowalski et al 13 reported nine patients with nonesurgery-related spinal osteomyelitis caused by P. acnes (1 of the cervical region) and suggested that this pathogen also has a role in primary as well as postoperative infections. However, primary cervical spine osteomyelitis caused by P. acnes is extremely rare and poorly understood; two of our patients had nonesurgery-related primary cervical osteomyelitis caused by P. acnes. Atypical laboratory results may offer some clues. 13 Additionally, preoperative erythrocyte sedimentation rate and CRP levels are elevated in most cases of cervical spine osteomyelitis. However, most cases of P. acnes cervical spine infection do not produce elevated erythrocyte sedimentation rate levels (83% 13 and 45% 14 normal), and the CRP level is usually normal in patients with spinal osteomyelitis caused by tuberculosis. In a study of tuberculosis-caused spinal osteomyelitis in Taiwan, the mean CRP level of 38 patients was only 4.2 mg/L (<5.0 mg/L). 7 In our 6 patients, 3 patients with S. aureus infections had obviously elevated preoperative CRP levels (mean, 173 mg/L; range, 125e280 mg/L). Two other patients with P. acnes infections and one patient with tuberculosis had nearly normal preoperative CRP levels (mean: 5.5 mg/L; 3.4 mg/L, 6.3 mg/L, and 7.0 mg/L, respectively). The results suggest that even though the CRP level is nearly normal, the possibility of cervical spine osteomyelitis cannot be completely ruled out. And, the imaging characteristics and culture of both anaerobic agents and tuberculosis are crucial for diagnosis.
We theorized that the differences between the CRP levels with different pathogens might affect the duration between symptoms and diagnosis. The mean duration to diagnosis of the three patients infected with S. aureus was 3.7 weeks (range, 3e4 weeks). However, for the two patients with P. acnes infections, the mean duration to diagnosis was much longerd3 months (2 months and 4 months, respectively). For the patient with tuberculosis, the duration was 2 months. A review of the literature showed that the mean duration to diagnosis is about 4.7 months (135 days) 13 in P. acnes infections and 2 months (60 days) in patients with tuberculosis. 7 Obviously, the time to diagnosis of S. aureus is much shorter than to diagnosis of P. acnes and tuberculosis. We think that the relatively low CRP levels and the indolent, insidious course of infection in patients with P. acnes and tuberculosis increase the delay in diagnosis. In addition, detecting and treating infection are usually of lower priority in the differential diagnosis.
In our study, cervical osteomyelitis occurred primarily at the lower cervical levels (C3-C7), without any effect on the upper cervical level (C1-C2). This finding is similar to other reports suggesting that the C5-C6 level is most often affected, followed by the C6-C7 level. 15 This may be due to the relatively high mobility of the lower cervical spine, which makes this area more susceptible to degeneration and infection. By contrast, the preoperative plain films of the three patients infected with S. aureus revealed that the bony defect made up < 30% of the vertebral body weight (Fig. 1) . However, the severe pain made us and these patients diligently seek a definite diagnosis. By contrast, in the three patients with P. acnes and tuberculosis infections, all the bony defects made up more than 50% of the vertebral body height (Figs. 2 and 3) prior to when the diagnosis of cervical osteomyelitis was made. This difference in bony defect might explain the differences in the delayed diagnosis and underscores the characteristics of the different pathogens.
Although the infections must be treated with antibiotics, spinal cord compression, bony destruction, deformity, and severe pain are common in cervical osteomyelitis, and thus surgical intervention has an important role in treatment.
After proper debridement and decompression, there are several options for reconstruction. Because there are few established guidelines, the preferred approach is mainly based on the surgeon's preferences and the patient's individual condition. 16 Common options include two-stage anterior fusion 17 and one-stage anterior fusion. Fusion may be done with a bone autograft, 18 bone allograft, 19 cage implantation, 15 or supplemental posterior fixation and fusion surgery.
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In two-stage surgery, there is a waiting period between the first stage (debridement) and the second stage (fusion). Application of a cervical collar and bed rest are used to keep the cervical spine aligned prior to the second surgery. Usually 7e10 days of antibiotic treatment and drainage during the waiting period is sufficient, but some patients will require 3 weeks of antibiotics. 17 The advantages of two-stage surgery are that it enables the surgeon to sterilize the fusion region and thus decrease the risk of reinfection. However, disadvantages can include additional risk of a second surgery, longer recovery time and hospital stay, and increased cost. Therefore, some surgeons attempt one-stage surgery to simultaneously perform fusion and fixation right after debridement. One major concern about this approach is the risk of placing a foreign body into an infected wound or causing secondary infection. Other surgeons still opt for the one-stage surgery because: (1) most patients have received a course of antibiotics; (2) some infections can be eradicated after debridement; or (3) there is an absence of gross purulence during operation. 1 To avoid the risk posed by a second surgery in these relatively older patients and to lessen hospital stay and medical costs, one-stage surgery is a good choiceddepending upon the circumstances. If there is still instability or residual stenosis after the anterior surgery, additional posterior surgery should be performed. We believe that the advancements made in antibiotics have made secondary infections increasingly rare. Therefore, we performed one-stage surgery for all our patients. Based on our successful treatment without recurrence of infection, we believe one-stage surgery provides good results without significant risk.
There is still no clear clinical evidence that an autograft, allograft, or mesh cage is the best for bone grafting. An autograft is the gold standard, but it also has limitations, including: (1) the large size of the bony defect requires a long bone graft; (2) multiple levels of involvement demand too much bone graft; and (3) the effects of previous harvesting of bone graft and patients' concerns about donor site morbidity. 21 Under these circumstances, an allograft is an option, but availability, the consideration of infection, and disease transmission are limitations.
In the past, a mesh cage was considered a foreign body and thought to complicate efforts to control infection. The use of a mesh cage in circumstances without infection is well established. Recently, there were some trial uses of cages in patients with infections, with successful results. 15, 22 The advantages of a cage include reduced surgical time and donor site morbidity. One of our patients received a mesh cage for reconstruction of a large bony defect after corpectomy, and had no complications. We believe that the success of this approach may be related to antibiotic treatment.
The duration of use of antibiotics needs further investigation. The usually recommended approach is 6e8 weeks of intravenous antibiotics, followed by 6 weeks of oral antibiotics. When antibiotics are used for <4 weeks, a recurrence rate of 25% has been reported. In our patients, the use of antibiotics was mainly monitored by CRP level. After the CRP level returned to normal, treatment shifted from intravenous to oral antibiotics. Oral antibiotics should be maintained for 4e8 weeks even if the CRP level is normal, to reduce the recurrence of infection. As for tuberculosis infection, we applied standard four-drug combination therapy over 9 consecutive months, and the infection was well controlled.
Five patients received one-stage anterior debridement and autograft fusion surgery. Only one patient who had poor control of the infection with an extension of the infection to the lower adjacent disk level received addition posterior surgery due to a progressive kyphotic deformity and residual spinal stenosis. We thought that this could be applied in most circumstances of cervical osteomyelitis, and will consider more frequently using a cage in the future, to reduce donor site morbidity.
